The cathodic reduction of SiO 2 in KCl-CaCl 2 -NaCl-MgCl 2 melt was studied using tungsten wires as working electrodes. The results of cyclic voltammetrysquare wave voltammetry and chronopotentiometry showed that the cathodic deposition of silicon is a quasi-reversible diffusion-controlled reaction, followed by a four electrons transfer step. The results of current reversal chronopotentiometry and thermodynamic data showed that both the silicon deposition and the side reaction between SiO 2 and magnesium result in the loss of magnesium and low current efficiency. A 35.2% current efficiency was obtained with the content of SiO 2 0.2% at 700 .
Introduction
Most magnesium metal is produced by electrolysis of the molten chloride in an electrolyte consisting of alkali metal and alkaline earth chlorides [1] . SiO 2 is one of the detrimental impurity elements in magnesium electrolyte and it will be inevitably introduced from the cell feed and the structural material of the electrolytic cell into the magnesium electrolyte [2] . The behavior of SiO 2 has adverse effects on the magnesium electrolysis process and will debase the quality of magnesium [3] . So it is necessary to understand the mechanism of the electrolytic reduction of SiO 2 while which has been attached no importance to and there is no electrochemical works carried out so far. In the present study, investigation was undertaken to provide information about the reduction of SiO 2 which may prove useful in understanding and controlling the electrode reaction.
Experimental
Apparatus and chemicals. A quartz crucible containing the electrolyte was placed in a stainless steel cell inside a heating furnace. The temperature was held at 700 . During experimentation, the cell, which was closed by a stainless steel lid and cooled by circulation water, was placed under inert argon atmosphere. The solvent used as electrolytic bath was composed of alkaline chloride of analytical grade: KCl+CaCl 2 +NaCl(60:20:20 wt.%), MgCl 2 (3 wt.%) was prepared by the method in reference [4] . Dried silicon dioxide was introduced into the melt through an air lock under argon. Electrodes. The working electrode was a tungsten wire (99.95%) with 0.5 mm in diameter, and the contact area was determined by immersion depth in the bath. The auxiliary electrode was a 5 mm diameter graphite rod (graphite for spectrography). The potentials were referred to a tungsten wire (99.95%) with 0.5 mm in diameter immersed in the molten electrolyte. Electrochemical apparatus. Cyclic voltammogram, square wave voltammogram, chronopotentiogram and current reversal chronopotentiogram were performed to investigate the behavior of SiO 2 using a CHI1140 electrochemical analyzer controlled by a computer.
Results and Discussion
Cyclic voltammetry and square wave voltammetry. The cyclic voltammogram in Fig. 1 (a) was obtained in KCl-CaCl 2 -NaCl-MgCl 2 melt at 700 . The peak B attributes to the electrochemical reduction of Mg(8 ) ions and the peak B´ attributes to the oxidation of Mg in the reverse sweep. As is shown in Fig. 1(b) , in the melt containing SiO 2 the cyclic voltammogram exhibits one peak A at the cathodic potential about -0.5 V(versus the reference electrode) and a corresponding anodic peak A´ at -0.35 V, apparently they attribute to the electrochemical reduction of Si(:) ions and dissolution of Si deposited respectively. Accordingly, the peak A potential of -0.5 V versus the reference electrode of square wave voltammogram in Fig. 2 relates to the electrochemical reduction of Si(:) ions. The fact that the ratio of the anodic peak current to cathodic peak current (I p a /I p c ) is bigger than 1 proves the insolubility of the silicon deposited on the cathode. Plot of the cathodic peak currents(I p c )
versus the square root of the sweep rate(υ 1/2 ) is found to be linear, which is shown in Fig. 4 . It indicates that the reduction process is diffusion-controlled. The intensity of the cathode peak is correlated with the sweep rate of potentials by the following relationship, reliable for a quasi-reversible soluble/insoluble system [5] . (
Where n is the number of changed electrons, R the gas constant, T the temperature in K, F the Faraday constant , C o the concentration of the reduction ion(mol cm -3 ), S the electrode area(cm 2 ), D the diffusion coefficient(cm 2 s -1 ) and υ is the potential sweep rate(V s -1 ). 
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Assuming the changed electrons number n in the reduction of Si(:) is 4, the diffusion coefficient of Si(:) ions can be calculated out as D=2.26×10 -6 cm 2 s -1 . As is shown in Fig. 5 , the electrode potential slowly drifts towards more negative values, and the electrode potential suddenly jumps to more negative values corresponds to the reduction of Mg (8 ) ions after a well-defined transition time τ.
The data plotted in Fig. 6 agree with the following equation [6] :
The linear relationship between potential E and ln[(τ 1/2 -t 1/2 )/t 1/2 ] observed in Fig. 6 confirms the quasi-reversibility of the reduction process, and the number of changed electrons n = 3.82 can be calculated out from the slope of the straight line in Fig. 6 . Thus the conclusion is that four electrons are changed during the reduction process. Current reversal chronopotentiometry. The current reversal chronopotentiograms with different applied currents are shown in Fig. 7 . The curve (a), with low working current, exhibits two transition times, t red-Si and t red-Mg , but only the t ox-Si is found in the oxidation branch, indicating that the magnesium deposited in the reduction branch gets lost entirely. With increased working current, only the t red-Mg can be observed in the reduction branch of the curve (b) while in the oxidation branch there exist t ox-Mg and t ox-Si , from which it can be interpreted that Si was formed in the reduction. In this case the ratio of t ox-Mg /t red-Mg was calculated under the applied experiment condition, with the result of a low current efficiency of 35.2%. Thermodynamics calculation proved that the reaction SiO 2 + 4Mg → Mg 2 Si + 2MgO with ∆ r G m ө = -322.13 KJ mol -1 at 700 can account for the loss of magnesium. 
Conclusion
A study of the electrochemical behavior of silicon dioxide in KCl-CaCl 2 -NaCl-MgCl 2 melt was made. The joint results of cyclic voltammetry, square wave voltammetry and chronopotentiometry demonstrated that the cathodic deposition of silicon was a quasi-reversible diffusion controlled reaction, followed by a four electrons transfer step. The results of current reversal chronopotentiometry and thermodynamics calculation showed that both the reduction of silicon dioxide and the side reaction between silicon dioxide and magnesium could account for the low current efficiency of magnesium electrolysis. With the content of SiO 2 0.2 wt.% at 700 , a 35.2% current efficiency was obtained. 
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